invasive in many countries but the inter-specific transferability that characterizes simple sequence repeats (SSRs) could be harnessed to track the spread of specific genotypes or to study invasive populations. Thirteen polymorphic SSR markers, derived from expressed sequence tag (EST), were identified by first screening 26 samples of T. aphylla, T. jordanis, T. nilotica, and T. tetragyna and then 33 unidentified tamarisks from Yotvata, Israel. The mean number of alleles per locus ranged from two to 14 and the mean expected heterozygosity was 0.415. These EST-SSR markers will undoubtedly be useful in the genetic characterization of the genus Tamarix due to their high cross-species transferability which enables the estimation of the genetic diversity among and within different species, that are adapted to the same desert habitat under severe environmental constraints. Tamarix 
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Introduction
The genus Tamarix is native to Europe, North Africa, and Central Asia and has recently gained attention for its extreme tolerance to abiotic stresses. Tamarix species are widespread in arid and semi-arid areas in the Mediterranean Basin. The species T. aphylla L. Karst., T. jordanis Boiss., T. nilotica Ehrenb. Bge, and T. tetragyna Ehrenb. are desert halophyte native to the Middle East, which is the second centre of differentiation of the genus (BAUM, 1978) . These species have been proven to be used as a new source for energy crops since they maintain high biomass production even when growing under extreme environmental conditions (ESHEL et al., 2011) . Since its introduction over the past century in North, South America, and Australia, the genus Tamarix has been viewed in a negative light by progressively becoming an invasive plant negative and damaging environment in riparian habitats (GASKIN and SCHAAL, 2003) . In the United States, for example, millions of dollars are spent every year to control and attempt to eradicate tamarisk, and ongoing studies on biological control agents require a better understanding the identity of the invasive species (GASKIN, 2003) . However, despite this negative attention, some authors advocate more in-depth studies (STROMBERG et al., 2009; DAVIS et al., 2011) , since the invasive ability of Tamarix, indicates its success, combating potential, in different climate and ecological conditions. The taxonomy of this genus is one of the most difficult among Angiosperms to accurately map. In its latest revision, BAUM (1978) recognized 54 species based on morphological traits of the floral disk; a trait that is difficult to observe and not always available. Furthermore, GASKIN and SCHAAL (2003) found that sometimes floral disk traits could be misleading as a means of identifying specimens. Nonetheless, molecular markers are an innovative tool that could better enable species identification, and SSRs are the most promising class of molecular markers employed for phylogenetic studies (KALIA et al., 2011) . Despite the fact that the use of SSR markers is time-consuming and expensive for development (ELLIS and BURKE, 2007) , the screening of an available sequence database and the transferability of markers from related species offer an alternative method of discovering SSRs in species that have yet to be investigated.
The hypervariability, multi-allelism, codominant inheritance, abundance and genome coverage, that characterize SSR markers could assess and describe the structure of genetic diversity in homogeneous groups, which in some cases may be indicative of species (DUMINIL et al., 2006) . The effectiveness of this approach has recently been improved by the combination of informative markers with powerful statistical inference methods, such as Bayesian clustering models (PRITCHARD et al., 2000) , which use genotypic data to provide a posterior estimation of the existing genetic structure. A total of 22713 ESTs, derived from T. hispida Willd., T. androssowii Litv., T. ramosissima Ledeb., and T. albiflonum M. T. Liu, are currently recorded on the NCBI database. These sequences were assembled and screened to develop EST-SSRs in T. africana (TERZOLI et al., 2010) . The scarcity of genetic resources and the increasing interest in Tamarix determine the requirement for more available molecular markers for the scientific community. In this present work, 22 unpublished SSRs that were monomorphic, or not conserved in T. africana, were tested for cross-species amplification in T. aphylla, T. jordanis, T. nilotica, and T. tetragyna.
The aim of this study was to estimate genetic diversity among and within species that are adapted to extreme environmental conditions and are grown in the same desert habitats. Additional markers could enable genetic characterization of Tamarix biodiversity that is required for the selection of stress tolerant genotypes, the protection, and the management of natural resources.
Materials and Methods
Plant materials
Polymorphism and cross-species amplification were evaluated on a group of 26 vouchered samples collected in different tamarisk stands in Israel (T. aphylla 11 plants, T. jordanis six plants, T. nilotica seven plants, and T. tetragyna two plants). In addition, 33 unidentified tamarisks from the Yotvata stands were analyzed to further assess markers. The undefined ecotypes found in Yotvata could represent the local Tamarix ecotype population, since they germinated spontaneously within an experimental plot. A very limited number of ecotypes, identified as T. tetragyna, were found in our search for local Tamarix species. However, even this small data set was included to test for cross-species amplification, by comparing two examples collected from different places in the desert margins. DNA extractions were performed using the DNeasy Mini Plant kit (QIAGEN) following the manufacturers' protocol.
PCR amplification and EST-SSRs analysis
Polymerase chain reaction was performed by a duplex PCR in 12.5 µl reaction volume under the conditions specified in the Type-it microsatellite multiplex kit (QIAGEN) and using 1X reaction Buffer. A 19-bp M13 tail (5'-CACGACGTTGTAAAACGAC-3') was added to the 5' end of all the forward primers. In the reaction 0.08 µM of the two forward M13 5'-tail-end primers, 0.1 µM of the two reverse primers, 0.1 µM of labelled 6-fam or VIC M13 primer were added to the mix. Samples were amplified with the following thermal protocol: 5 min of denaturation at 95°C, followed by 7 cycles at 94°C for 30 s, annealing temperature 1 min and 30 s, extension at 72°C for 30 s; 24 cycles at 94°C for 30 s, 51°C for 1 min and 30 s, 72°C for 30 s; and one step at 60°C for 30 min. Each reaction was performed with 10ng of DNA template. The PCR products were diluted up to 1:40, and were separated by capillary electrophoresis with a 500 bp size standard (ROX 500, Applied Biosystems) using an ABI Prism 3700 (Applied Biosystems) automatic sequencer.
EST-SSRs characterization
Population genetics parameters for the 13 polymorphic loci were estimated by using GenAlEx 6.4 software Terzoli et. al.·Silvae Genetica (2013) (PEAKAL and SMOUSE, 2006) 4.0.10 (RAYMOND and RUSSET, 1995) . The statistical significance of the results adopted the following parameters: 10000 dememorization, 100 batches and 10000 iterations per batch. The significance level for multiple tests was adjusted by the sequential Bonferroni method (RICE, 1989) .
Amplicons of polymorphic SSRs of T. jordanis were sequenced to allow for the assignment of putative homology to known genes and for submission in the GenBank. Amplicons were purified by using Qiaquick PCR purification kit (QIAGEN). The purified products were quantified in a Qubit fluorometer (Invitrogen) following the manufacturers instructions. Successively 30 ng of the purified product was added to two 1.5 ml tubes, 15 pM of both the forward and the reverse primers was added alternatively in each tube. The tubes containing the solution with purified amplicons and the primers were shipped to Eurofins MWG Operon (M-Medical) for a value read sequencing service. The sequences were searched against the GenBank nonredundant database using BLASTX (ALTSCHUL et al., 1997) for functional annotation with the expected value <10 -7 .
Species assignment
A Bayesian clustering method, implemented in STRUCTURE 2.3.3 (PRITCHARD et al., 2000) , was used to assign the unidentified individuals to genetic clusters that may correspond to species identity. The length of the burn-in period and the number of Markov chain Monte Carlo were set to 100 000 and 100 000 repetitions; and the option "correlated alleles frequencies model" for ancestry was chosen. Two analyses were performed on the whole set of individuals; the first without assuming any predefined structure. In the second analysis the USEPOPINFO model was used to allow the ancestry estimation of the unidentified individuals, excluding the two vouchered T. tetragyna. The POPFLAG = 1 option was set for the complex of plants identified by morphological traits, while, the POPFLAG = 0 option was set for the unidentified individuals. The number of clusters K was tested in the range of 1 to 9 with 10 iterations for each value of K. The K clusters were inferred by minimizing Hardy-Weinberg and linkage disequilibrium within clusters. All sampled individuals were assigned probabilistically to clusters. The true number of K was estimated according to an ad hoc quantity based on the second order rate of change of the likelihood function with respect to K (⌬K) (EVANNO et al., 2005) .
Results and Discussion
Thirteen EST-SSRs showed transferable and polymorphic results among the tested species. The range of transferability of EST-SSRs observed in this work was consistent with values reported in scientific papers, which assessed a range of 60-80 % of transferability for these kind of markers (ELLIS and BURKE, 2007) . The observed number of alleles, considering all the analyzed samples, (vouchered and unidentified), ranged from four to 14 with an average of 8.54 alleles per locus which was the highest value compared to other SSR loci in Tamarix (GASKIN et al., 2006; TERZOLI et al., 2010) . It is worth noting that the present work concentrates on four differ- Table 1 . -Initial primer screening in Tamarix species. Number of observed alleles (Na), Number of effective alleles (Ne), observed heterozygosity (Ho), and expected heterozygosity (He) per locus for each species determined by genotyping only vouchered samples. Terzoli et. al.·Silvae Genetica (2013) 62-3, 104-109 ent species, thus the high average number of alleles per locus could be due to this peculiarity. The characterization of our EST-SSRs considering only the vouchered samples is reported in Table 1 .
After applying Bonferroni's correction, no locus deviated significantly from Hardy-Weinberg equilibrium (P < 0.05), and no significant linkage disequilibrium (P < 0.05) between locus pair was observed. On the contrary, genomic SSRs described in GASKIN et al. (2006) displayed significant deviation from Hardy-Weinberg equilibrium, and in 47 %, locus pair significant linkage disequilibrium was observed.
Seven loci showed significant similarities to known genes or with proteins of unknown function (Table 2) , thus our EST-SSRs could assess diversity for functional traits. Table 2 . -Characteristics of the 13 polymorphic EST-SSRs developed in Tamarix. Forward sequence (F), reverse sequence (R), repeated motif, GenBank accession number of T. jordanis loci, annealing temperature (Ta), allele size range including 19 bp of M13-tail determined by genotyping both our vouchered and unidentified samples, total number of observed alleles (Na), and accession numbers of putative homology are illustrated. Terzoli et. al.·Silvae Genetica (2013) 62-3, 104-109 A Bayesian clustering method (PRITCHARD et al., 2000) allowed the assignment of unidentified individuals to genetic clusters that may correspond to species identity. Vouchered samples displayed individuals collected in different populations, thus the Hardy-Weinberg expectation could be not satisfied. When the genetic divergence between species was high it was noted that the Bayesian method could tolerate deviations from the Hardy-Weinberg equilibrium (CORNUET et al., 1999) . The posterior analysis of the likelihood function, according to EVANNO et al. (2005) for the analyses without any predefined structure, pointed out the existence of two distinctive peaks at K = 3 and K = 5. According to the model with three clusters, the species T. aphylla, T. jordanis, and T. tetragyna have a clear individual assignment, while the species T. nilotica grouped together with T. jordanis (Fig. 1a) . The T. aphylla vouchered samples, had an average posterior probability of belonging to cluster one of 0.99, whereas T. jordanis and T. nilotica samples were assigned to cluster number two with an average probability of 0.99 and 0.98, respectively, and T. tetragyna samples were assigned to cluster number three with an average probability of 0.98. By starting with a total of 33 unidentified plants from the Yotvata stand, the Bayesian approach assigned one individual to T. aphylla, 18 to the T. jordanis-nilotica group, while 11 were assigned to T. tetragyna. Then, three samples showed an assignment threshold lower than 0.9 and were considered to be admixed.
According to the five cluster model, the four species considered in the present study formed distinctive clusters, while the last cluster could identify individuals with further species ancestry (Fig. 1b) . The T. aphylla vouchered samples had an average posterior probability of belonging to cluster one of 0.98, T. jordanis samples were assigned to cluster two with an average probability of 0.94, T. nilotica samples were assigned simultaneously to clusters number two (the same as T. jordanis) and three, with an average probability of 0.55 and 0.43, respectively, whereas T. tetragyna individuals were assigned to cluster four with an average posterior probability of 0.98. The Bayesian approach assigned the 33 unidentified plants from the Yotvata stand as following: one individual to T. aphylla, 17 to T. jordanis, one to T. nilotica while 5 were assigned to the T. tetragyna. Three samples were assigned to a fifth cluster which jordanis resulted assigned to cluster number two (white bars), two vouchered T. nilotica were assigned to cluster number three (darkgrey bars) and one to cluster number two, all the remaining samples resulted admixed. Terzoli et. al.·Silvae Genetica (2013) 62-3, 104-109 does not correspond with any of our investigated species. Six samples showed an assignment threshold lower than 0.9. A second analysis was performed taking into account the morphological identification of individuals according to the USEPOPINFO model. According to this model, the Ln P(D) function and ⌬K displayed patterns similar to the previous one with a mode at K = 5 (Fig. 1c) and all the T. aphylla individuals were assigned to cluster number one with an average probability of 0.96, while three vouchered T. jordanis individuals were assigned to cluster number two; three resulted admixed, and two T. nilotica were assigned to cluster number three. Another was assigned to cluster number two, and the remaining three individuals resulted admixed. In this analysis no unidentified individual was assigned to a genetic cluster.
The partitioning of genetic clusters showed a clear assignment of vouchered T. aphylla individuals, but it was not same for T. jordanis and T. nilotica, whose individuals grouped together in the same cluster. The lack of a clear assignment for T. jordanis and T. nilotica could be due to the limited data set analyzed in the present study rather than to a putative introgression between these species, although introgression in Tamarix is well documented in literature (GASKIN and SCHAAL, 2003) , and gene flow between introgressive species could lead to shared polymorphism (DRUMMOND and HAMILTON, 2007) .
Conclusions
The natural capacity of Tamarix plants to survive in extreme environmental conditions could be harnessed to contrast desertification. On the other hand, some Tamarix specimens have become invasive in many countries worldwide where tamarisks are considered a threat. In Tamarix, these newly developed EST-SSRs could represent an additional resource in the genetic characterization of this genus, but even did in the tracking of the spread of invasive genotypes allowing matching of biological control agents.
